pression levels of hypothalamic CRH than their active counterparts. On day 24, the experimental animals were subjected to another social defeat to determine whether the stress response remained. The increase in corticosterone and hypothalamic CRH levels was similar for all of the stressed subjects, but the passive subjects also had a greater CRH response in the amygdala. Passive subjects had decreased levels of adrenal dopamine β-hydroxylase, tyrosine hydroxylase and plasma adrenaline compared to the active subjects, and lower plasma noradrenaline levels than manipulated controls. The passive profile of physiological changes in both the hypothalamic-pituitary-adrenal and sympathetic-adrenal-medullary (SAM) axes has been associated with changes related to mood disorders, such as posttraumatic stress disorder and depression. The active coping profile is characterized by similar corticosterone resting levels to controls and increased SAM activity. Both profiles showed alterations in the novel palatable and forced swimming tests, with the passive profile being the most vulnerable to the effects of stress in this last test. Pharmacological treatment with antalarmin failed to reverse the effects of stress. 
Introduction
Chronic social stress is one of the main factors responsible for the development of a number of psychopathological disorders in humans [1] . However, individual differences exist in the way people cope with stress, and these differences may result in different physiological patterns in systems such as the hypothalamic-pituitary-adrenal (HPA) and sympathetic-adrenal-medullary (SAM) axes, which play key roles in the stress response. Many studies have demonstrated the individual variability in the stress response of the HPA axis [2] [3] [4] [5] , but only a few focus on the SAM axis [3, 6] .
Previous reports indicate that subjects may differ in their HPA response to stress, showing both an excess and a deficit of activity, which give rise to the development of different pathologies [7] . In particular, patients suffering from depression have hypercortisolism and reduced inhibitory feedback [8, 9] . However, in cases of atypical depression, some data indicate a reduction in activity of the HPA axis, and although patients with posttraumatic stress disorder (PTSD) show evidence of hyperactivity of the corticotrophin-releasing hormone receptor 1 (CRH-R1) pathways [10] [11] [12] , this is accompanied by low plasma cortisol levels [13] .
Recently, animal chronic stress models, based on the resident/intruder paradigm [14] , have been developed to induce alterations in the HPA axis to study the relationship between the HPA axis and the development and treatment of psychopathologies, such as depression and PTSD [15] [16] [17] [18] . Previous studies in our laboratory using the chronic social defeat stress model revealed that subjects who adopt a passive behavioral profile, which is characterized by a higher immobility and lower social and nonsocial exploration than the active subjects, have an exaggerated corticosterone response following repeated defeat and low resting levels of corticosterone several days after the end of the chronic defeat experience [5, 19] . Human studies report similar patterns in cortisol levels following prolonged periods of stress [20, 21] . These changes have been related to alterations in hypothalamic glucocorticoid receptors [5] , corticotrophin-releasing hormone (CRH) receptors in the pituitary gland [21] , the response of the adrenal glands [22] and even changes in the amygdala and hippocampus [23] . However, the mechanisms responsible for this altered pattern of HPA axis activity as a result of stress are unclear. Studying the changes in CRH in relation to the coping strategies to stress and the role CRH plays in hormonal and autonomic coordination during the stress response may help improve our understanding of these mechanisms.
Studies analyzing the individual differences and activation of the SAM axis have found that subjects who adopt a more proactive coping strategy in response to a stressful stimulus have a greater sympathetic reactivity and lower plasma corticosterone response than the reactive subjects [3, 6, 24] . Nevertheless, it is unknown how chronic stress affects the activity of the SAM axis and its relationship with the development of psychopathologies that are associated with the type of coping strategy adopted. In humans, although some of the data are contradictory, a greater sympathetic reactivity has been found in patients with severe depression [25] and PTSD [26] .
Despite evidence supporting the effectiveness of current antidepressants in the treatment of stress-related disorders, not all patients respond to treatment. CRH-R1 receptor antagonists are a new class of agents that have potential therapeutic use in the treatment of anxiety, depression and other stress-related disorders [11, 27] . Although some studies using animal models suggest that the acute blocking of CRH-R1 receptors has an anxiolytic and antidepressant effect, it is important to determine whether the chronic administration of these drugs constitutes a new treatment for these types of disorders [28] .
The development of animal models to analyze the time course of physiological changes associated with different coping strategies may improve our understanding of the biological mechanisms involved in diverse pathologies and lead to more effective pharmacological treatments. In this study, we used a chronic defeat social stress model [18] to determine whether the corticosterone changes triggered by social stress as a function of the strategy adopted following social defeat are due to changes in CRH in the hypothalamus and amygdala. We assessed whether chronic stress results in different changes in the SAM system as a function of the strategy adopted by measuring plasma catecholamines and adrenal catecholamine synthesis enzymes at different times. We also investigated whether the physiological changes associated with passive coping strategies are related to the physiological changes observed in depressive-like disorders or PTSD. We hypothesized that these subjects would present a depressive-like phenotype in behavioral tests, such as the novel palatable test (NPT) and the forced swimming test (FST). Finally, we tested whether chronic treatment with antalarmin, a CRH-R1 antagonist, would reverse the effects of chronic stress on the HPA and SAM axes and behavior.
Coping with Chronic Social Stress 
Methods

Animals and Husbandry
Six-week-old male OF1 mice (CRIFFA, Barcelona, Spain) were individually housed for 7 days in transparent plastic cages measuring 24.5 × 24.5 × 15 cm for adaptation to the laboratory conditions. Food and water were available ad libitum. The holding room was maintained at a constant temperature of 20 ° C with a 12-hour light/ dark cycle (white lights on from 8: 00 p.m. to 8: 00 a.m.). The light cycle was reversed to facilitate behavior assessment during the animal's active phase (dark). All experimental procedures were conducted under dim red light conditions in a room adjacent to the holding facility. European regulations for the care and treatment of experimental animals were followed, and the procedures were controlled and approved by the Diputación Foral de Gipuzkoa, Spain, in compliance with the European Communities Council Directive (86/609/EEC) and the Ethics Committee of Basque Country University.
Experimental Procedure
The experiments were initiated after the adaptation period. A control group (manipulated control) and a group of socially stressed mice were established. Male adult mice were exposed to repeated defeat experiences for 21 days (at 11: 00 a.m.). After a social stress period of 18 consecutive days, the behavior of the animals was recorded for subsequent assessment. The stressed mice were divided into two groups according to their behavioral profile during defeat: active and passive (see below). Treatment with antalarmin or vehicle was initiated at 10: 00 a.m. for 4 days (for half of the stressed subjects, active and passive, which were sacrificed on day 23, prior to drug administration) or 6 days (for the remainder of the stressed subjects, active and passive, which were sacrificed on day 24). The manipulated control group was also divided into drug and vehicle control groups, which were subjected to the same periods of treatment as the experimental groups. Therefore, a total of twelve groups were used. On day 21, the behavior in the confrontation was recorded again for subsequent assessment. On day 22 (at 8: 30 a.m.), the animals were subjected to the NPT. On day 23 (at 9: 00 a.m.), all of the subjects performed the FST, and 2 h later, when the acute stress response ended, half of the animals were sacrificed by cervical dislocation. On day 24, the remaining animals were subjected to another social defeat. At 8: 00 a.m. on days 0 and 24 (before the mice were subjected to defeat), and 40 min after defeat on days 21 and 24, blood samples (50-100 ml) were taken by submandibular puncture to measure the corticosterone and catecholamine levels. This new method [29] allowed us to obtain a sufficient volume of blood from the submandibular vein in a short time while holding the mouse without the use of anesthesia. On day 24, the animals were sacrificed by cervical dislocation 50 min after the last defeat. The brains from all of the animals were then quickly removed, and the whole hypothalamus and amygdala were dissected to measure CRH and CRH-R1 mRNA expression. All dissections were performed under stereomicroscopic observation with reference to the mouse brain atlas [30] . The adrenal glands were removed under sterile conditions and stored at -70 ° C to measure dopamine β-hydroxylase (DBH) and tyrosine hydroxylase (TH) mRNA expression ( fig. 1 ).
Socially Stressed Mice
The mice experienced repeated social defeat using the sensorial contact model [18] . Ninety-five pairs of mice matched by weight were allowed a 10-min confrontation, with half of the subjects being placed in their opponent's cage (i.e. in the cage of a resident mouse) for 3 successive days in order to select defeated 76 subjects. After the third day, only those defeated subjects which had clearly shown submissive behavior during the agonistic confrontations, and their aggressive counterparts, continued with the experiment (85 pairs of mice). Between the fourth and last day of chronic stress, the defeated mice were exposed daily to 5 min of agonistic interactions with a different aggressive resident mouse. Daily transfer of males after the fighting precludes habituation of males to each other and consolidates the submissiveness of the defeated animal placed in an alien territory [31] . As a result, the mice were repeatedly defeated by a different aggressive resident mouse every day. After each daily confrontation, the mice were separated by transparent partitions with holes in the same cage in which the confrontation took place. These partitions permitted the mice to see, hear and smell each other, but prevented physical contact. Although the defeated mice received some bites during the direct interactions period, most of the mice did not have evident wounds. In the case of visible wounds, the mice were removed from the experimental procedure. The final number of defeated mice was 84. The behaviors manifested by the defeated mice on days 18 and 21 during the 5 min of social interactions were recorded using video cameras (JVC, GZ-MG77E). The behavioral assessment was carried out using an ethogram for the mouse [32] , in which 51 behaviors are described. These behaviors were divided into the following behavioral categories: avoidance/flee, defense/ submission, digging, self-grooming, exploration at a distance, immobility, nonsocial exploration and social exploration. The behavioral evaluation was carried out using The Observer 3.0 (Noldus ITC, Wageningen, the Netherlands). To classify the subjects according to behavior, two cluster analyses were performed on all of the defeated mice based on the behavioral characteristics they displayed in the social confrontation on days 18 and 21 using the mean percentage of time spent on each assessed behavioral element [19] .
Manipulated Controls
The manipulated control group (31 subjects) was treated identically to the stressed group, but was not exposed to agonistic interactions or sensorial contact with other mice. These mice were housed individually in cages containing a transparent barrier to subject them to the same space restrictions as the experimental mice. The manipulated controls were moved daily to an experimentation room where the barrier was removed for the same period of time as that allotted to the confrontations in the defeated mice.
Novel Palatable Test
The mice were presented in the home cage with novel but highly palatable food, a peanut, on a petri dish once a day for 3 consecutive days (days 19-21). On day 4, when the latency to ingest the palatable food was expected to have decreased due to habituation to novelty and the hedonic response to the palatable food, the peanuts were presented in a normal housing cage where the bedding was changed [33, 34] . The latency to eat the peanut was measured with a cutoff time of 600 s.
Forced Swimming Test
Individual mice were placed in glass cylinders (height 18.5 cm and diameter 12.5 cm) containing 13.5 cm of water at 25 ± 1 ° C. The test was performed over 1 day (48 h after the last defeat) for 5 min, and was recorded for subsequent assessment [35] . The behaviors assessed were immobility, swimming and climbing. Both the time spent engaged in each behavior and the swimming latency (defined as the immobility time until the mice started to swim) were measured. The mice were judged to be immobile when they ceased struggling and remained floating motionless in the water making only those movements necessary to keep their head above water.
Drug
The drug used was antalarmin, N-butyl-N-ethyl-2,5,6-trimethyl-7-(2,4,6-trimethylphenyl)pyrrolo[3, 2 -e]pyrimidin-4-amine, which was purchased from Sigma-Aldrich (Madrid, Spain) and dissolved in sterile saline containing 5% dimethyl sulfoxide and 5% Cremophor EL, which was also used for the vehicle injections. The drug was administered intraperitoneally according to bodyweight. Antalarmin was administered at 20 mg/kg. These doses were chosen based on previous studies [36, 37] . No evidence of toxic effects was observed after any of the drug treatments.
Physiological Determinations
Determination of Plasma Corticosterone and Catecholamine Concentrations Blood was collected in vivo by submandibular vein puncture on days 0 and 24 before defeat (basal and resting), and on days 21 and 24 after stress in a heparinized container. The blood was then centrifuged at 1,800 g for 15 min at 4 ° C. The resulting plasma was collected and stored at -70 ° C.
The plasma corticosterone concentration (ng/ml) was determined using a commercially available enzyme immunoassay kit (Assay Designs, Ann Arbor, Mich., USA) and an ELx 800 plate reader (BioTek Instruments Inc., Winooski, Vt., USA). The assay sensitivity was 5 pg/ml, and the intra-and interassay variation coefficients were 7 and 8%, respectively.
The plasma noradrenaline and adrenaline concentrations (ng/ ml) were determined using ELISA kits. Serum A and NA content kits were obtained from Labor Diagnostica Nord GmbH & Co. KG (Laboratorios Leti, Spain). The plates were read at 450 nm using an ELx 800 plate reader (BioTek Instruments Inc.). The detection limits were 0.3 ng/ml (with intra and interassay variation coefficients of 11.2-16.3% and 8.7-12.6%, respectively).
Real-Time RT-PCR Measurements of mRNA Expression
Tissue from the adrenal gland, hypothalamus and amygdala were homogenized using the TRIzol reagent (Invitrogen, Madrid, Spain), and total RNA was isolated using the standard phenol: chloroform extraction method [38] . A UV spectrophotometric analysis of nucleic acids was performed at 260 nm to determine the RNA concentrations, and the 260: 280 absorbance ratio was used to assess the nucleic acid purity. The samples were DNase treated (DNase I; Invitrogen) to remove contaminating DNA prior to cDNA synthesis, and the total RNA was reverse transcribed using PrimeScript reverse transcriptase (Conda, Madrid, Spain). The resulting cDNA underwent SYBR Green-based (QuantiTect SYBR Green PCR; Conda) real-time PCR, and the amplification was monitored using the Applied Biosystems 7500 Real-Time PCR System. The cDNA sequences were obtained from GenBank at the National Center for Biotechnology Information (www.ncbi.nlm. nih.gov), and glyceraldehyde-6-phosphate dehydrogenase was used as a housekeeping gene. The primer sequences were designed using Primer Express table 1 ). The primers were obtained from Applied Biosystems, and the specificity of the primers was verified by a melting curve analysis. The relative gene expression was determined using the 2 − ΔΔt method [39] .
Statistical Analysis
All statistical analyses were carried out using SPSS 15.0 for Windows (SPSS Inc., Chicago, Ill., USA) with the level of significance set at p ≤ 0.05. The social behavioral variables were analyzed using hierarchical cluster and multivariate discriminant analyses (see socially stressed mice). The behavioral and physiological variables were analyzed using one-way or two-way ANOVAs. Threeway ANOVAs for repeated measures were used to analyze social behavior and the catecholamine and corticosterone levels. When appropriate, specific comparisons were made using post hoc Tukey's tests.
Results
Analysis of the Behavioral Profile during Chronic Defeat and the Effect of Antalarmin Administration
A cluster analysis using the mean percentage of time spent on each assessed behavioral element was carried out on all defeated mice on day 18 to separate the mice into groups based on the behavioral characteristics they demonstrated during the social confrontation. This analysis resulted in two final clusters. The multivariate discriminant analysis confirmed the statistical validity of the established groups and accounted for 95.6% of the cases obtained by the cluster solution, thus confirming the behavioral descriptions. The variables that best discriminated between the two clusters were immobility and nonsocial and social exploration. Cluster 1 (n = 45), designated the 'active group', was characterized by a high level of exploratory behaviors, especially nonsocial exploration. Cluster 2 (n = 39) was characterized by mice that spent most of their time immobile. The group of mice that belonged to this second cluster was termed the 'passive group'. The passive subjects had higher levels of immobility (F ( table 2 ) .
When a three-way ANOVA (i.e. time, group and treatment) using repeated measures from days 18 and 21 was performed, significant differences were observed for the group factor (F [ tion and exploration at a distance and there was an increase in immobility and digging. The active subjects, however, had increased immobility from day 18 to day 21 of social stress ( table 2 ) . Because the drug did not affect the behavior of the mice, a second and definitive cluster analysis was carried out on all of the defeated mice on day 21. This cluster analysis resulted in two final clusters. The multivariate discriminant analysis confirmed the statistical validity of the established groups and accounted for 97.4% of the cases obtained by the cluster solution. The variables that best discriminated between the two clusters were nonsocial and social exploration. Cluster 1 (n = 44), which was designated the 'active group', was characterized by high exploratory behaviors. Cluster 2 (n = 40), which was defined as the 'passive group', was characterized by lower levels of social and nonsocial exploration. Additionally, on day 21 of social stress, the passive subjects had increased immobility (F [ ( table 2 ) .
Novel Palatable Test
The analysis of the latency to ingest the palatable food on day 22 showed a significant effect for the group factor (F[2, 110] = 5.053, p < 0.01). A post hoc analysis revealed that both the passive (p < 0.05) and active (p = 0.05) subjects had a higher latency than the manipulated control group. No significant effect from the drug treatment was observed (F[1, 110] = 0.012; fig. 2 ). 
Forced Swimming Test
Analysis of Physiological Parameters
Plasma Corticosterone Concentration The three-way ANOVA (i.e. time, group and treatment) using repeated measures from days 21 and 24 (following defeat) revealed significant differences for the group factor (F[2, 47] = 29.541, p = 0.001) and time × group interaction (F[2, 47] = 10.080, p < 0.01). Specifically, the post hoc analysis revealed that the passive subjects had higher levels of corticosterone in their plasma than the active subjects (p < 0.05) and manipulated controls (p < 0.01), and the active subjects had higher levels than the manipulated controls (p < 0.01). A reduction in corticosterone levels was observed in the passive subjects A three-way ANOVA (i.e. time, group and treatment) with repeated measures using the basal corticosterone levels from day 0, before the social stress began, and the resting corticosterone levels from day 24 (before defeat) indicated that there was a significant effect for the time × group interaction (F [2, 46] mRNA Expression of TH and DBH in the Adrenal Glands When analyzing the levels of mRNA for the catecholamine synthesis enzymes on day 23, which was 2 days after the defeat on day 21 (resting levels), the two-way ANOVA (group and treatment) revealed a significant effect on the group factor (TH: F [2, 40] mRNA Expression of CRH and CRH-R1 in the Hypothalamus and Amygdala Upon analyzing levels of CRH mRNA in the hypothalamus on day 23, which was 2 days after the defeat on day 21 (resting levels), the two way ANOVA (group and treatment) revealed a significant effect of the group factor (F[2, 45] = 3,869, p < 0.05), with the passive subjects having higher CRH levels than their active counterparts ( fig. 7 ) . No significant effect from the drug treatment was observed (F [2, 45] Resting mRNA expression of CRH in the hypothalamus of the different groups analyzed on day 23, 2 days after the defeat on day 21: manipulated control-vehicle (n = 7), manipulated control-antalarmin (n = 8), active-vehicle (n = 11), active-antalarmin (n = 11), passive-vehicle (n = 10) and passive-antalarmin (n = 10). b mRNA expression of CRH and CRH-R1 in the hypothalamus of the different groups analyzed on day 24 following defeat: manipulated control-vehicle (n = 8), manipulated control-antalarmin (n = 8), active-vehicle (n = 11), active-antalarmin (n = 11), passivevehicle (n = 10) and passive-antalarmin (n = 10). c mRNA expression of CRH in the amygdala of the different groups analyzed on day 24 following defeat: manipulated control-vehicle (n = 8), manipulated control-antalarmin (n = 8), active-vehicle (n = 11), active-antalarmin (n = 11), passive-vehicle (n = 10) and passive-antalarmin (n = 10). Data are expressed as means ± SEM. * p < 0.05 (Tukey's tests).
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Discussion
The results obtained in this study reveal that chronic social stress triggers two different dynamic responses in both the HPA and SAM axes that are associated with behavioral coping strategies. This finding supports the existence of two different behavioral profiles in response to chronic defeat that are associated with different physiological characteristics [2, 4, 5] . After 18 days of defeat, the subjects with a passive behavioral profile differed from their active counterparts mainly by the immobility behavior and social and nonsocial exploration. On day 21, the passive subjects had increased immobility and lower social and nonsocial exploration than the active subjects. The passive subjects also had reduced nonsocial exploration between days 18 and 21.
According to previous studies [5] , the passive subjects had a hypersecretion of corticosterone in response to stress on day 21 and lower resting plasma corticosterone levels than the manipulated controls on day 24 prior to defeat. A reduction was also apparent compared to basal levels on day 0. Contrary to initial expectations [40] , the pharmacological treatment with antalarmin, which blocks CRH receptors, failed to have any effect on either the HPA axis or social behavior in any of the variables measured. Other studies focusing on chronic stress have also found hypocortisolism in resting conditions and hypersecretion of corticosterone in response to stress in animals [41] . In humans, hypocortisolemia has been associated with periods of prolonged stress [20, 21] and atypical depression and PTSD, among other pathologies [8, 21, 42, 43] , with excessive cortisol secretion in response to stress in PTSD [42, 44] . However, the pathway by which this pattern of altered activity is activated is unclear.
One possible mechanism may be a deregulation of the CRH pathways, which could also be responsible for the lack of effects from antalarmin treatment. The higher hypothalamic resting expression levels of CRH in the passive subjects in comparison to the active subjects on day 23 did not correlate with the low corticosterone levels found in the passive subjects and the upregulation of hypothalamic glucocorticoid receptors found previously [5] . Although other possibilities exist, this apparent discrepancy may be explained by the downregulation of CRH receptors in the pituitary gland, which is associated with high CRH levels as a result of stress-induced hyperactivity of the axis, which would be indicated by the high corticosterone levels 21 days after defeat [45, 46] . This mechanism has also been proposed in patients with PTSD [42, 47] , which is characterized by hypersecretion of CRH [11, 48] , lower basal cortisol levels [42] and high levels of the glucocorticoid receptor [49] . Although some authors have not reported these results [50] , other authors have found an increase in basal CRH mRNA expression and CRH biosynthesis in animals submitted to repeated immobilization stress and adrenalectomized rats [51] . Thus, it has been suggested that hypothalamic CRH neurons respond to repeated stimulation in a glucocorticoid-independent manner [52] . However, these differences may be due to procedural differences, such as the duration of stress and the time that the variables are measured. Other structures, such as the amygdala, modulate the HPA axis response, but no differences in the resting expression levels of CRH were found in the amygdala or the hypothalamic receptors on day 23, indicating that the changes observed in the HPA axis are not mediated by the CRH afferents from the amygdala.
The low resting corticosterone levels found in the passive subjects may reflect the inability of the HPA axis to respond to stress. However, following a new defeat on day 24, both the passive and active subjects had an increased corticosterone response compared to the manipulated controls. Nevertheless, the corticosterone levels found in the passive subjects and manipulated controls were lower than those found in these same groups on day 21. In the nonstressed subjects, this may be attributed to the passage of time. Although there is evidence for reduced HPA responses after chronic stress [53] , the reduction observed in the passive subjects can be attributed to the stress-induced effect specific to this group because the changes in question were not observed in the active subjects. This gradual blunting of the HPA axis response in the passive subjects is supported by the fact that both the active and passive subjects have the same CRH expression levels in the hypothalamus on day 24 following the final defeat. Furthermore, this increase in CRH expression could explain the downregulation of hypothalamic CRH-R1 receptors found in all of the stressed subjects at this time. This agrees with other studies that also found that chronic stress and elevated corticosterone reduce the levels of CRH-R1 receptors and mRNA in the paraventricular nucleus of the hypothalamus [54] . Despite the limitations imposed by the fact that protein levels were not measured, the increased CRH expression levels in the amygdala from the passive subjects after defeat could indicate greater activity taking place in this structure, which in turn may influence behavior, as shown in the increased immobility during the FST in the passive subjects compared to their active counterparts ( fig. 2 ). Other studies found that intracerebroventricular administration of CRH triggered 85 an increase in immobility in the FST after chronic stress [55] .
Contrary to the initial expectations and data reported in the literature [3, 24] , the stressed subjects did not show elevated catecholamine levels compared to the nonstressed subjects. Even on day 24 after defeat, the passive subjects had lower noradrenaline levels than the manipulated controls and lower adrenaline levels than the active subjects. Thus, a general reduction in the passive subjects occurred. It is known that CRH activates the SAM axis, resulting in increased catecholamine levels in the plasma [56] . This study reported an increase in hypothalamic CRH expression levels in the passive subjects in resting conditions and, on day 24 after defeat, an increase in both groups. These results suggest that the observed decrease in catecholamine levels in the passive subjects is not directly mediated by CRH [57] .
It should be noted that the noradrenaline and adrenaline levels were measured after the maximum catecholamine peak in response to stress. Therefore, the plasma levels do not reflect the immediate stress response, but rather the subsequent changes that may occur later. Nevertheless, it has been suggested that the increase in catecholamine synthesis enzymes induced by the repeated stress experiences is maintained for prolonged periods of time even after the cessation of the stressor itself, providing a 'memory' of said experience [58] . Thus, in this study, differences in the activity of the catecholamine enzymes correlated with the strategy on day 24 following the defeat. The lower levels of DBH, TH expression and adrenaline in the passive subjects compared to the active subjects, and the low levels of noradrenaline in the passive subjects compared to the manipulated controls may be indicative of a tendency of this group to present lower SAM axis activity. Lower plasma DBH activity has been reported in different psychopathological disorders [59] . Although evidence suggests a hyperactive SAM system in patients with PTSD [60] [61] [62] [63] , Mustapic et al. [64] reported lower DBH activity in war veterans with PTSD compared to war veterans without PTSD, indicating that those who exhibited lower plasma DBH activity after a traumatic event were less resilient and more vulnerable to developing PTSD. This finding is consistent with the decrease in catecholamine levels observed on day 24 in the passive subjects. Furthermore, on day 23, differences were observed in DBH and TH resting expression, with the active subjects having higher expression levels than the manipulated controls. This finding suggests a greater activity of the SAM axis in the active subjects as a result of the previous stress response, which is maintained over time. This greater activity may also lead to negative consequences for the organism [3] . At this time, all of the antalarmintreated subjects had reduced resting levels of plasma catecholamines, but not TH and DBH, suggesting that the treatment could affect the plasma catecholamine release only out of a challenge context. Social stress had an anhedonic effect, which manifested in an increased latency to ingest a novel but palatable food, as well as an increased swimming latency in the FST observed in all stressed mice, indicating that chronic defeat triggers behavioral changes that relate to depression. Our data also agree with other studies that have reported subjects exposed to chronic defeat exhibit an anhedoniclike response in the NPT [34] , suggesting that social stress experienced chronically can affect an animal's motivation and lead to the development of hedonic and motivational deficits [65] . Although the data reveal no differences in the NPT or swimming latency in the FST as a function of strategy adopted by the subjects, there were differences in immobility in the FST between the two groups; the passive subjects displayed greater levels of immobility compared to their active counterparts, but not with the manipulated controls. This observation may indicate that a passive coping strategy can be more susceptible than an active strategy to the behavioral effects of social stress. Other authors have also observed an increase in the immobility of passive subjects exposed to chronic defeat [5] and mice genetically selected for long attack latency [4] .
Hyperactivity of the CRH-R1 pathways has been associated with disorders such as depression [11] , which provides a rationale for using CRH-R1 antagonists as a treatment. Specifically, these antagonists have been effective in treating hyperactivity associated with high corticosterone levels [66] as observed in melancholic depression [8, 9] . Our data reveal that the physiological profile found in the stressed subjects does not contain high resting levels of corticosterone or CRH mRNA compared to the controls, and indeed, in the passive subjects, corticosterone levels are clearly diminished. Moreover, it has been reported that passive subjects have high glucocorticoid receptor levels in the hypothalamus following 21 days of chronic defeat [5] , and it is known that CRH-R1 antagonists trigger an increase in these receptors [67] . Therefore, this may explain why treatment with antalarmin for 6 days failed to produce any changes in the HPA axis.
It has been reported that treatment with antalarmin blocks the response to acute stress [68] , which prevents the deleterious effects of the increase in glucocorticoids and may prevent disorders such as PTSD [69] . However, controversy also exists regarding the effectiveness of 86 CRH-R1 antagonists because several animal studies failed to report a blunted HPA axis response to chronic social stress as a result of treatment [70] . These data, along with the results in this study, suggest that chronic social stress triggers changes in the HPA axis as the stress is prolonged that may prevent the effects of CRH receptor antagonists that have been observed in other studies of acute stress [40] . It is possible that the administration of antalarmin before or at the beginning of stress can prevent the effects of chronic stress, and longer treatment may be necessary to reverse the changes already produced.
We conclude that following a prolonged period of social stress, differences are observed in relation to dynamic changes in the HPA and SAM axes that are associated with the adopted behavioral strategy. The active coping profile results in an HPA axis response that remains the same over time. The active subjects also showed a greater degree of SAM axis activity manifested by an increase in catecholamine synthesis enzymes and higher plasma adrenaline levels when compared with the passive subjects on day 24. The profile of physiological changes found in the passive subjects, including changes in the HPA and SAM axes, along with the high levels of glucocorticoid receptor expression found in previous studies, may be associated with changes related to mood disorders, such as PTSD and depression. Both physiological profiles affect behavior; there was an increase in latency for both ingestion in the NPT and swimming in the FST. Nevertheless, the fact that the passive subjects also exhibit increased immobility in the FST compared to their active counterparts may be indicative of a greater degree of vulnerability of these subjects to the effects of stress. The pharmacological treatment with antalarmin failed to reverse the effects of stress. This failure may be because the profile of changes in the CRH pathway in response to chronic social stress does not correspond to the physiological profile for which this drug seems to be most effective. A more prolonged treatment may also have been necessary. This study shows the importance of the time course of these physiological changes, which depend on the duration of stress and the coping strategy adopted, and which may respond selectively to different treatments, thus improving our understanding of the relationship between stress and the development of psychopathologies. It is also worth highlighting the ethological validity of the procedure used to establish the coping strategies since the whole behavioral repertoire manifested by subjects in situations of defeat was analyzed. This study is unique in that it uses prolonged defeat-induced stress to establish different behavioral strategies (through the aforementioned procedure) and to analyze the changes triggered at different moments in the activity of the HPA and SAM axes, as well as in the central structures related to both systems. It is also unique in that it analyzes the effects of treatment with a CRH-R1 antagonist in this situation.
